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Supplementary Figure 1 
Single molecule fluorescence spectroscopy 
(A) Basic principle of single molecule fluorescence spectroscopy (MF20). Ku70 
protein was labeled with fluorescent dye using a Protein Labeling Kit (488 nm 

and 633 nm) (Olympus) before analysis with MF20. The change in the 
fluorescence parameters of a single molecule of Ku70 (the first molecule 
chemically labeled to have fluorescence) caused by an interaction with another 
molecule such mutant Htt (the second non-florescent molecule) in a very small 
space (1 x 10-15 L) was detected within 20-60 sec/well.   
This figure is modified from the original image made by Olympus Co. Ltd., under 
the permission. 
(B) Principles underlying two parameters, diffusion time and fluorescence 
polarization. An interaction with the second molecule resulted in an increase in 
both parameters. 
(C) Preliminary experiments to establish the appropriate conditions for detecting 
the increase in the two parameters caused by the interaction between Ku70 
(fluorescent) and mutant Htt (non-fluorescent). FCS: fluorescence correlation 
spectroscopy reflecting diffusion time. FIDA-PO: fluorescence intensity 

distribution analysis-polarization reflecting fluorescence polarization. Mean +/- 
S.D. are shown in graph. 
(D) A representative set of raw data from the screening of LMW chemicals.  
(E) Pull down assay to test whether bacterially expressed Ku70-HisTag keeps its 
physiological function to interact with endogenous Ku80. Ku70-HisTag was 

mixed with HEK293 nuclear extract and Ni-Sepharose was used to pull down 
Ku70-HisTag. The output shows interaction of Ku70-HisTag but not Tau-HisTag 
with endogenous Ku80. 
 

Supplementary Figure 2 
Raw data of the 2nd screening with MF20 for the chemicals selected from 
the 1st screening with MF20 
The results of 2nd screen of the chemical from 1st screen with MF20.are shown. 
Value of polarization in FIDA-PO in the binding state between Ku70 and mutant 
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Htt is shown with yellow bar as a positive control, and that of negative control 
(Ku70 only) is shown in red bar. When addition of a chemical statistically 
decreased the value of FIDA-PO from that of Ku70+Htt110Q to a value between 
yellow bar and red bar levels at least at one concentration, the chemical was 
selected as a candidate to dissociate the interaction between Ku70 and mutant 
Htt. Data acquisition was repeated 10 times per well and the results from 2 wells 
were collectively used for statistical analysis. Mean +/- S.E. are shown in graph. 
Single saterisk (*) indicates p<0.05 and double asterisks (**) indicates p<0.01 in 
Student’s t-test followed by Bonferroni’s correction.  
 
Supplementary Figure 3 
Raw data of the 2nd screening with MF20 for the chemicals selected from 
the 1st screening with Discovery Studio 
The results of 2nd screen of the chemical from 1st screen with Discovery Studio 
are shown. The 2nd screen exactly followed the method of the 1st screen with 
MF20.  
 
Supplementary Figure 4 
Raw data of the 3rd screening with a Drosophila model 
The 3rd screen was performed with a Drosophila Gal4-UAS model 
overexpressing human mutant Htt Exon1-103Q in motor neurons by OK6 
driver49. UAS-Htt103Q and OK6-Gal4 transgenic flies were crossed, and the F1 
virgin female flies were fed with chemicals or peptides that were dissolved in 
D.W. or ethanol at 5 mM and filuted with 9 times volume of corn meal medium to 

a final concentration at 500 µM. Only D.W. or ethanol was added to the controls. 
Twenty virgin female flies were maintained per vial and transferred to new vials 
with fresh medium every 2–3 days. The number of dead flies was quantified 

every 2–3 days. 
 
In Sup Fig 4, only negative chemicals in 3rd screen are shown. Positive 
chemicals passed through the 3rd screening are shown in Figure 4A.   
 
Supplementary Figure 5 
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Effect of candidate chemicals on DNA damage and mutant Htt aggregation 
in vivo 
(A) Staining for the DNA double-strand break marker, γH2AX, in striatal neurons 
(NeuN-positive) and striatal medium spiny neurons (DARPP32-positive) of R6/2 
mice fed #4028 (Angiotensin III), hepta-histidine and L5387 (LH-RH 4-10 peptide 
fragment).  
(B) Recovery of 53BP1 in the same neurons.  
(C) Inclusion body formation was tested using immunohistochemistry with 
anti-Htt antibody (EM48). The three chemicals did not decrease the neuronal 
aggregation of mutant Htt. 
(D) Western blotting analyses of cortical tissues using DNA damage markers 
revealed that oral administration of #4028 (Angiotensin III) and hepta-histidine 
but not L5387 (LH-RH 4-10 peptide fragment) reduced DNA damage. 
(E) The left panels of western blots with anti-Htt antibody or anti-ubiquitin 
antibody revealed that the chemicals did not largely affect the aggregation or 
poly-ubiquitination processes. The right graphs show the quantities of HMW 
aggregates (indicated with box) reactive for anti-Htt or anti-Ub antibody 
corrected with the signal intensities of GAPDH. No significant change was 
observed by statistical test with Student’s t-test or Tukey’s HSD test.  
 
Supplementary Figure 6 
Subtype characterization of neurons differentiated from human iPS cells  
Subtypes of neurons differentiated from iPS cells were characterized with 
neuron-subtype-specific markers, DARPP32, Cux1 and TBR1. The values from 
ten visual fields are summarized as mean +/- S.E. 
 
Supplementary Figure 7 
Effect of the final candidate chemicals on DNA-PK activity 
Each chemical was added into the reaction at final concentration of 50 or 100µM 
in which DNA-PK phosphorylates the substrate (see the method for the details). 
The extent of phosphorylation was not suppressed by any of the three peptides. 
Instead, phosphorylation of the substrate by DNA-PK was enhanced by 7H. 
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Supplementary Table 1 
List of chemicals that were selected from the first screening with MF20 
and forwarded to the second screening with MF20 
 
Supplementary Table 2 
List of chemicals that were selected from the first screening with 
Discovery Studio and forwarded to the second screening with MF20 
 
Supplementary Table 3 
List of chemicals that were selected from the second screening with MF20 
and forwarded to the third screening with the Drosophila HD model 
 
 






















